Summary. The These results show that immunization against testosterone-3-BSA leads to a disruption of ovarian cycles and ovarian over-stimulation.
Introduction
Testosterone can be secreted into the ovarian vein by sheep ovaries in vivo (Baird, Goding, Ichikawa & McCracken, 1968) and by ovarian follicles maintained in organ culture (Seamark, Moor & Mclntosh, 1974) . The ability of exogenous testosterone to induce oestrus (Lindsay & Robinson, 1961) , LH release (Pant, 1977; Clarke & Scaramuzzi, 1978) and ovulation (Radford & Wallace, 1971) in ewes suggests that secreted testosterone may have some biological function. It has also been suggested that testosterone acts locally to induce ovulation in immature rats (Mori, Suzuki, Nishimura & Kambegawa, 1977) and follicular atresia in the adult rat (Louvet, Harman, Schreiber & Ross, 1975; Baird, 1977) . The involvement of testosterone in sheep reproduction was studied in the present experiments.
Materials and Methods

Experiment 1
Two Merino crossbred ewes with utero-ovarian autotransplants (Baird, Land, Scaramuzzi & Wheeler, 1976a) were cannulated and bled every 6 h from Day 12 of the oestrous cycle (Baird, Land, Scaramuzzi & Wheeler, 1976b) . The concentration of testosterone in the blood from the utero-ovarian vein was determined by radioimmunoassay (Corker & Davidson, 1978) and the secretion rate of testosterone was calculated (Baird et ai, 1976b ). The secretion rates of oestradiol-17 ß, androstenedione, progesterone and the peripheral concentrations of LH have already been published (see Fig. 3 of Baird et ai, 1976b) .
Experiment 2
Immunization. Five Welsh Mountain ewes were immunized with 2-0 mg testosterone-3-(0-carboxymethyl)-oxime-bovine serum albumin (testosterone-3-BSA) in Freund's complete adjuvant in November 1974 (Scaramuzzi, Corker, Young & Baird, 1975 (Baird & Scaramuzzi, 1976) or by aspiration using a syringe and 21-gauge needle (Scaramuzzi & Land, 1978 (Turnbull, Braden & Mattner, 1977) . Follicle diameter, follicle volume and mitotic index of the granulosa cell layer were determined as described by Turnbull et al. (1977) for all follicles 0-3-5-0 mm diameter and for a representative random sample of smaller follicles (Turnbull et al., 1977 (Turnbull et al., 1977) . Atretic follicles in which the cellular disintegration of the granulosa was either widespread or complete were excluded from the study.
A ssay procedures Blood samples were heparinized and the plasma was removed after centrifugation at 4°C. Follicular fluid and plasma were stored at -20°C until assayed. Following acidification with 1 N-HC1 the concentrations of steroids were measured by the radioimmunoassays described in detail elsewhere; oestrone, oestradiol-17ß and androstenedione (Baird, Burger, Heavon-Jones & Scaramuzzi, 1974; Baird, Swanston & Scaramuzzi, 1976c) ; testosterone (Corker & Davidson, 1978) ; and progesterone (Scaramuzzi et al., 1975 Oestradiol-17ß The antiserum used for the assay of the oestradiol fraction was a specific antiserum raised against the 17ß-oestradiol-6(0-carboxymethyl)-oxime-BSA (Dean, Exley & Johnson, 1971;  Van Look, Hunter, Corker & Baird, 1977) . The binding of exogenous steroids by non-acidified jugular venous plasma was measured by a dextran-charcoal radioassay (Scaramuzzi et al., 1975 40-7 ± 6-3 12-9 ± 3-7*** Progesterone (ng/ml) 317-3 ±43-6
1125-2 ± 217-1*** Significantly different from values for active follicles: * < 0-05, **P < 0-01, *** smaller than inactive follicles and contained greater concentrations of oestradiol-17 ß, oestrone, androstenedione and testosterone but lower concentrations of progesterone (Table 3) . Follicles from control (BSA-immunized) ewes were too small (<5 mm diameter) to provide follicular fluid for steroid analyses.
Histology. The pattern of follicular growth and atresia in follicles 0-3-5-0 mm diameter was similar for the BSA-and testosterone-immunized ewes (Table 4 ; Text- fig. 2 ). However, the mitotic index of the granulosa in follicles 1-0-2-5 mm diameter was substantially higher in the testosterone-immunized ewes (Text-fig. 2 ). This trend was reversed in larger follicles (2-5-5-0 mm diameter). There were no significant differences in the total number of follicles, or the number of atretic follicles 0-3-5-0 mm diameter (Table 4) . However, the number of non-atretic follicles 3-0-5-0 mm diameter was significantly higher in testosterone-immunized ewes (P < 0-01). In the 3 control ewes and the 1 testosterone-immunized ewe (No. 443) ovulating regularly, there were no normal follicles >5-0 mm diameter. Ewe 397, with irregular ovulation, had 3 non-atretic follicles >5-0 mm diameter, with histologically normal granulosa, but the theca cells of these follicles had undergone some degree of differentiation and were enlarged, compact and secretory in appearance (PI. 1, Fig. 1 Tissues taken from ewes pretreated with exogenous progesterone (10 mg/day for 12 days). The samples were collected at laparotomy 12 days later (i.e. Day 10 of the oestrous cycle). Fig. 1 . The wall of a Graafian follicle 10 mm in diameter and showing hypertrophy and hyperplasia of the theca interna, from a ewe immunized against testosterone-3-BSA. 250. Fig. 2 . Wall of a Graafian follicle 10 mm in diameter from a control ewe. 250. Fig. 3 . Modified luteal tissue from a luteinized follicle taken from an ewe immunized against testosterone-3-BSA. 500. Fig. 4 . Normal luteal tissue from a corpus luteum of a control ewe. 250.
Downloaded from Bioscientifica.com at 08/08/2019 03:57:52PM via free access histologically normal follicles >5-0 mm diameter, and 6 non-atretic, histologically abnormal follicles (PI. 1, Figs 1 and 2 ). These 6 follicles contained modified cells that resembled luteal cells in their staining properties. Unlike true luteal tissue (PI. 1, Fig. 4) (Table 5 ). This lack of absolute specificity has been confirmed by equilibrium dialysis (Martensz, 1977) . (1:18 000-1:30 000) (< 1:1-1:2)
Discussion
In an earlier study the secretion rate of testosterone in the intact ewe was reported to be ng/h 4 days after PMSG treatment (Baird et al., 1968) . In the present study, the mean secretion rate is similar although the range is wider (0-2-14-2 ng/min). (Table 4) . Steroid secretion into the ovarian vein and into follicular fluid was greatly increased (Tables 2 and 3 ). These changes are most probably a consequence of the increased levels of LH present in these ewes (Martensz & Scaramuzzi, 1979) . However, it is not clear if the elevated LH levels are the result of neutralization of the biological activity of circulating testosterone or of some other steroid (e.g. oestradiol-17 ß) which is also bound by serum from the immunized ewes (Martensz & Scaramuzzi, 1979) .
The ovaries of ewes immunized against testosterone-3-BSA contained many large cystic follicles. The presence of cystic follicles has also been reported in rats (Hillier, Groom, Boyns & Cameron, 1974) and rabbits (Armstrong, Gauldie & YoungLai, 1978; Armstrong, McCallion & YoungLai, 1978) immunized against testosterone-3-BSA. In our sheep, these follicles were steroidogenically active and it seems probable that the atresia which normally acts to eliminate unwanted steroidogenically active follicular tissue had been severely inhibited. The persistence of these large follicles might also be the result of elevated LH levels (Martensz & Scaramuzzi, 1979) or a direct effect of the removal of biologically active local androgen (Louvet et ai, 1975) .
It is apparent from Table 4 and Text- fig. 2 that the numbers of developing follicles 0-3-3-0 mm diameter, their growth potential and incidence of atresia in testosterone-immunized ewes are similar to those in control ewes. Ovaries from immunized ewes contained increased numbers of non-atretic follicles 3-0-5-0 mm diameter and normal numbers of non-atretic follicles >5 mm in diameter. The retention of significantly more non-atretic, histologically normal follicles >3 mm diameter in the immunized ewes could be related to increased longevity as a result of the reduced mitotic index. The increased availability of large, normal, non-atretic follicles can result in increases in ovulation rate (e.g. Ewe 443), as has been reported after immunization against androstenedione (Scaramuzzi, Davidson & Van Look, 1977) .
A high proportion of the ewes immunized against testosterone-3-BSA were anovulatory but the mechanism underlying this ovulatory failure is unclear. The inactivation of biologically active testosterone may have prevented a direct stimulatory effect on ovulation such as occurs in the immature rat (Mori et /., 1977) . Alternatively, the presence of antibodies to oestradiol-17ß may have interfered with oestrogen induction of the ovulatory LH surge. Ovulation could also be inhibited by the high circulating levels of progesterone produced from the persistent, partly luteinized follicles (Table 2 ). The initial block of ovulation (whatever its cause) might result in formation of luteinized follicles and further ovulation would not be possible for as long as these follicles persist. These follicles may respond to the luteolytic effects of prostaglandin F-2a but the abnormal steroid secretion would almost certainly result in impaired synthesis of prostaglandin by the endometrium.
